Introduction
Pesticides have been one of the most effective weapons discovered by man to protect agricultural products from the attack of pests. But the extensive use of pesticides pose a constant threat to the aquatic life by altering the habitat behavior pattern, growth and reproductive potential (Jarvinen, 1977) . Although there are considerable research activities in the field of pesticides, there is wide variation in the amount of information available concerning the effect of particular pesticides on selected non-target organisms. Among the organisms studied, fishes have drawn more attention due to their economic importance (Ganesan et al. 1989) . The extent severity of tissue damage of a particular compound as toxicant depends on the toxic potentiality of it in the tissues of organisms (Tilak et al. 2001) . Susceptibility to chemical injury varies greatly in the tissues and cells of the same animal. It is even greater in different animal groups. However, the location of the major damage may be determined by the mode of action of the chemical. The mode of action of each poison and the pattern of tissue vulnerability has been well defined and the toxic level of each agent at which a fairly standard distinctive pattern of tissue damage has been studied. Organophosphorus (OP) pesticides are finding increasing use in recent years since they are biodegradable and therefore persist in the environment only for a short time. Because of their low persistence, repeated applications of these pesticides are being practiced for the control of pests in agricultural fields and thereby large quantities find their way into water bodies (Jyothi and Narayan, 1999) .
Profenofos is one of the organophosphate insecticides extensively used in agriculture in our area. The Environment Centre of National Toxicology declared that, there are a dozen highly dangerous chemicals including profenofos. Profenofos is a hard insecticide, which has become a matter of concern because of its potentiality and hazardous effect. The present study was performed to evaluate the sub-lethal effects of profenofos on histopathological alterations in the vital organs like liver and kidney of silver barb as a laboratory animal model. Histopathological changes have been widely used as biomarkers in the evaluation of the health of fish exposed to contaminants, both in the laboratory (Wester and Canton, 1991; Thophon et al., 2003) and field studies (Hinton et al., 1993; Schwaiger et al., 1997; Teh et al., 1997) . One of the great advantages of using histopathological biomarkers is that category of biomarkers allows examining specific target organs, including gills and liver that are responsible for vital functions, such as respiration, excretion and accumulation and biotransformation of xenobiotics in the fish (Gemhofer et al., 2001) , and serve as warning signs of damage to animal health (Hinton et al., 1993) . The present study aims at evaluating the toxic effect of profenofos on histopathological alterations in the vital organs like kidney, liver and its recovery patterns of toxicity in siver barb. Water quality: During the period of acclimatization and experimentation the water used was clear, dechlorinated ground water pumped from a deep well. Water temperature, dissolved oxygen and pH were monitored according to APHA (1995) in all test tanks every day. The temperature was measured by a thermometer; dissolved oxygen and pH were measured by DO meter (Model 2020, UK) and pH meter (Model YSI 58, USA), respectively.
Materials and Methods
Experimental toxicant: Profenofos: Profenofos is an organophosphate insecticide pesticide. It is a widespectrum insecticide with easy biodegradation and a high bioactivity for antitoxic pests. Profenofos can be used to control pests in fruit trees and vegetables with an excellent effect on bollworms aphids and many other sucking insects.
Experimental design: Acute toxicity test: Profenofos was purchased from the authorized dealer of Mymensingh. Ten fishes were randomly selected from the stock and exposed to different concentrations of profenofos (0.4, 0.3, 0.2, 0.1, 0.05 ppm) for 96 hrs to determine the median lethal concentration (LC 50 ). Water was replaced daily with fresh profenofos mixed water to maintain constant level of profenofos during exposure period. Percent mortality was calculated and the values were transformed into probit scale. Probit analysis was carried out as per Finney (1947) . The LC 50 value for profenofos was 0.1 ppm. Based on the result of the 96 hrs LC 50 of profenofos, 120 fishes of B. gonionotus were exposed for 7, 15 and 30 days to the sub-lethal concentrations of 10% and 50% value of the LC 50 of the profenofos.
Experimental study: Sublethal exposure: The experimental design and calculations for the acute toxicity were based on the procedure given. The acclimated test fishes were divided into three groups each containing 15 fishes with three replications. Group I was used as control reared in toxic free water. The test fish were belonging to group II, exposed to 0.01ppm and the group III, exposed to 0.05 ppm.The water was changed along with waste food and fecal materials periodically by slowly siphoning the water from each aquarium and at that time aquarium were refilled and redosed with toxicant.
Recovery studies: For recovery, after 7, 15 and 30 days of pesticide exposure, the treated fish were transferred to clean tap water and kept for another 7, 15 and 30 days for recovery.
Tissue sample collection:
Tissue samples from the profenofos and control fish were collected after 7, 15 and 30 days of exposure and another 7, 15 and 30 days of depuration respectively. For each sampling 3 fish samples were sacrificed from control and treated groups.
Histological pursuit: After exposure to sub lethal concentrations the fish samples were dissected out and different tissues like liver and kidney were fixed in buffered formalin for 24 hours and subjected to standard histological techniques.
Results

Control liver:
Liver is an important organ of various metabolic processes. The normal liver of a teleost fish is characterized by large polyhedral cells which are arranged as a minute network of canalculi; between the liver cells. The nuclei are vesicular with large nucleolus and irregular distribution of bite ducts (Plate 4 A). 
Discussion
In the present study the LC 50 values of profenofos exposed for 96 hrs for B. gonionotus was found to be 0.1ppm. Percent of mortality increase with an increase in exposure time to profenofos. The acute toxicity test in the present study evidently indicates the toxicity of profenofos to the experimental fish. Dramatical changes in the physical behaviour of fish B. gonionotus were recorded in treated profenofos specimens. Histological changes associated with pesticides in fish have been studied by many authors (Wester and Canton, 1991; Bhuiyan et al., 2001; Gernhofer et al., 2001; Thophon et al., 2003; Velmurugan et al., 2007; Matos et al., 2007; Ogueji et al., 2013; Nannu et al., 2015; Mostakim et al., 2015) .
The histological studies on fish revealed that various toxicants produce pathological changes such as necrobiotic changes in the liver, tubular damage of kidney, gill lamellar abnormalities (Vinodhini and Narayanan, 2009 ). Flat fish with liver and kidney lesions was found frequently in areas associated with urban pollution (Malins et al, 1980) . Liver and kidney damages were correlated with development of histopathological lesions dependent on does as well as duration of exposure.
Histopathological manifestation has been observed in the tissue of gill, liver and kidney of the fish Ctenopharyngodon idella when exposed to technical and sublethal concentration of 20% EC of fenvalerate, a synthetic pyrethroid. The tissue damages like necrosis, vacuolar degeneration and atrophy were observed which are attributed to the effect of the pesticide (Tilak and Yacobu, 2002) .
Liver:
In the present study liver of silver barb exposed to sublethal concentration of profenofos treatment for 7, 15 and 30 days shows cloudy degeneration, pycnotic nuclei, vacuolization, have been observed in silver barb exposed to 0.01 ppm profenofos exposure. Silver barb exposed to 0.01 ppm profenofos exposure shows histological alteration in liver tissues such as cloudy degeneration, focal necrosis, hemorrhage hepatopancreas, large vacuoles, portal blood vessel and vacuolization.
Similarly vacuolization, binucleated hepatocyte are observed in 0.05 ppm sublethal concentration of profenofos exposure are observed dilation of sinusoid, haemorrage, vacuolization were the histological alterations observed in the 0.05 ppm profenofos treated i silver barb n 7, 15 and 30 days recovery. Besides haemorrage, binucleated hepatocyte, cloudy degeneration, vacuolization, karyolysis were recorded in 0.01 ppm profenofos treated fish after recovery. Necrosis, hemorrhage, hepato-pancreas, large vacuoles, portal blood vessel (PBV), binucleated hepatocyte, dilation of sinusoid, vacuolization, cloudy degeneration have been observed in 0.05 ppm sublethal concentration of profenofos exposure in the liver of silver barb after 30 days recovery.
Histopathological changes in the liver of freshwater fishes caused by insecticides intoxication have been recorded by Ogueji et al. (2013) . Butchiram et al. (2009) reported necrosis, swelling of renal tubules, cellular hypertrophy and granular cytoplasm of kidney of Channa punctatus exposed to alachlor. Histopathology on A. testudinesus, C. punctatus and B. gonionotus in relation to 7 days of exposure to sublethal concentrations of 1.13 and 3.75 ppm; 1.13 and 2.26 ppm; and 1.13 and 2.26 ppm of diazinon 60 EC respectively resulted in hypertrophy, necrosis and pyknosis of hepatocytes, pyknosis and degenerative changes such as necrosis of tubular and haematopoietic cells of kidney were the major manifestation (Rahman et al., 2002) .
Kidney:
In the present study kidney of silver barb exposed to sublethal concentration of profenofos treatment for 7, 15 and 30 days showed vacuolization, necrotic tubule, degeneration of renal epithelial cells, distortion of renal tubule, cloudy Degeneration are observed in e silver barb exposed to 0.01 ppm profenofos exposure. Silver barb exposed to 0.05 ppm profenofos exposure shows histological alteration in kidney such as necrosis of haematopoietic tissue, dilation of glomeruli, necrotic changes, dilation of renal tubule, narrowing of tubular leumen, pycnotic nuclei, hypertrophy, degeneration of renal epithelial cells, degeneration of glomerular cells, ruptured renal corpuscle, vacuolation, necrosis, ruptured kidney tubules, inter cytoplasmic vacuolization, and necrosis. Degeneration of renal epithelial cells, necrotic changes, pycnotic nuclei, dilation of renal tubule in 0.05 sublethal concentration of profenofos exposure are observed in the present study in the liver of silver barb after 7, 15 and 30 days recovery. Mandal and Kulshrestha (1980) demonstrated nephropathy in Clarias batrachus exposed to sumithion.
The changes observed in the kidney of the treated fish include vacuolation of epithelial cells of uriniferous tubules and degeneration of glomeruli. Elsan treatment in Channa punctatus resulted in a significant decrease in the dimension of Bowman's capsule and glomerulus, and the tubules lost their regular shape due to precipitation of cytoplasm and karyolysis (Banerjee and Bhattacharya, 1994) . Das and Mukherjee (2000) , reported dilation of tubules, necrotic changes characterized by karyorrhexis and karyolysis at the nuclei of affected cells of Labeo rohita exposed to hexachlorocyclohexane.
The pesticide profenofos is found to be more toxic to the fish silver barb. The acute toxicity studies in silver barb at 96 hrs LC 50 value for profenofos is 0.1 ppm. The histological investigations in silver barb exposed to profenofos were found to be highly toxic and the histological alterations were increasing with increasing concentration and duration dependent manner. The recovery patterns of these histological alternations showed less damage compared to profenofos treated fishes.
